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(57) ABSTRACT 

The present invention relates to distributed ATM switches 
for use within an ATM network including processing satel- 
lite links. The functionality of the distributed ATM switch is 
preferably performed at three distinct locations. The first 
location is at a user earth terminal configured to perform at 
least one user plane function. The second location is at a 
network operations center configured to perform at least one 
conU-ol plane fimction. Finally, the remaining ATM switch 
functionality is performed within the payload of a process- 
ing satelhte. 

31 Claims, 2 Drawing Sheets 
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DISTRIBUTED ATM SWITCH AND METHOD 
FOR PERFORMING SWITCHING IN AN 
ATM NETWORK THAT INCLUDES A 
PROCESSING SATELLITE 

BACKGROUND OF THE INVENTION 

The present invention generally relates to switches for 
asynchronous transfer mode (ATM) networks. In particular, 
the present invention relates to distributed ATM switches for 
use within an ATM network including processing satellite 
links. 

AFM networks may provide substantial performance 
increases over more traditional time division multiplexing 
(TDM) networks (also known as synchronous transfer mode 
or STM networks). This is especially true when the networks 
must carry many different types of information (e.g., data, 
voice, and video). Information travelling over an ATM 
network is coded into 53 -byte cells. The first 5 bytes of each 
cell are the cell header and contain important information 
about the cell, including the routing information (i.e., des- 
tination address) for the cell. 

In ATM, a transmission path (TP) is a set of physical 
connections that link the network. Virtual paths and virtual 
circuits are mappings laid over the TPs that control the flow 
of cells from sending terminals to receiving terminals. A 
virtual path represents a set of TPs assigned to carry cells 
that share higher-order address bits. Virtual paths contain 
one or more virtual circuits. A virtual circuit represents a set 
of TPs assigned to cany cells that share lower-order address 
bits. A virtual path may generally be thought of as a bundle 
of one or more virtual circuits. An assignment of a virtual 
path and a virtual circuit defines a virtual connection (VC) 
between any two network elements. 

An important concept in ATM is that of the service 
contract. A service contract is an agreement between a user 
and the network that establishes certain parameters that the 
user will follow. For example, the contract may specify a 
certain average data rate the user is to maintain when 
sending data over the network. A service contract will also 
specify the quality of service (QoS) that the network will 
maintain with respect to the connection between any two 
user terminals. A QoS class defines parameters that represent 
a minimal level of network performance for the traffic 
carried by links that are designated as providing that par- 
ticular QoS. Thus, for any two network elements within a 
network, there may need to be as many VCs set up between 
them as there are QoS classes defined for that network. 

An ATM network may be envisioned as a sending user 
terminal, a receiving user terminal and an ATM cloud. The 
sending user terminal is connected to the cloud. The first 
switch through which die user terminal traffic passes after 
entering the cloud is said to serve as a user-network interface 
(UNI) with respect to that terminal. At a UNI, a function 
known as Usage Parameter Control (UPC) is performed. The 
UPC function ensures that the user terminal sending data 
into the ATM cloud is not exceeding the service parameters 
of its contract. For example, the UPC function determines 
whether or not a user terminal is sending data at a rate above 
the average bit rate established as set forth in its contract. 

ATM switch functions are typically divided into user 
plane functions and control plane functions. User plane 
functions are those functions that control the movement of 
cells across the switch. A typical user plane function, for 
example, is the UPC function for established VCs. Control 
plane functions are typically those which relate to connec- 
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tion establishment and overall management of traffic flow. 
Some typical control plane functions include, for example, 
connection admission control (CAC) and routing (the selec- 
tion of appropriate TPs for a particular VC). 

5 As noted above, the UPC policing function ensures that a 
user terminal is not exceeding the usage requirements of the 
contract under which it was established. If the policing 
function determines that a user terminal is exceeding its 
allowed rate, then it checks to see if the guaranteed QoS can 

^0 be met for all other contracts in existence. As long as the 
established QoS can be maintained for all contracts, the UNI 
may allow the additional traffic. However, if the estabhshed 
QoS for all other contracts can not be maintained, then the 
cells may be dropped. One problem with the occurrence of 

^5 such a cell drop is that the user is often unaware that it has 
occurred unless the receiving end informs the user that 
something is wrong. 

In terrestrial ATM networks, the policing function is 
performed by the ATM switch that is serving as the UNI for 
the sending user terminal. However, this can be problematic 
when the first switch within the cloud is a satellite based 
switch. First, it necessitates additional processing equipment 
on the satellite. This adds space, weight and additional 
power requirements to the satellite design. A second prob- 
lem is additional inefficiency. The policing function may 
cause cells to be dropped at times. If that decision is made 
in the sateUite, uplink bandwidth is used to transmit cells 
that will never reach the downlink. Waste of uplink band- 
width is a waste of a very precious system resource. 

Another important user plane function provided by the 
user terminal is user equipment interface adaptation. An 
example of this adaptation is the protocol translation from 
Ethernet to ATM. 

35 An important control plane function is call admission 
control. This function makes the determination as to whether 
or not a call can be admitted given the traffic currently 
present in the network. Ideally, it makes a real time deter- 
mination as to the feasibility of accepting a new call, while 

40 maintaining the requirements of aU contracts. Putting this 
functionally within a satellite payload is again problematic 
because of the additional size, weight and power require- 
ments. 

Another control plane function is that of bandwidth 
45 allocation. It is similar to call admission control but operates 
on a shorter time scale such as that of individual cells. The 
bandwidth allocation function may be implemented on the 
payload, in the network operation center, or a combination 
of both. 

50 A need has long existed in the industry for a distributed 
ATM network switch that is suitable for use within ATM 
networks that include processing satelUte links. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
distributed ATM switch adapted to perform in an ATM 
network including processing satellite links. 

Another object of the present invention is to provide an 
gQ ATM switch that reduces the additional space, weight, and 
power requirements of ATM switch functionality in a sat- 
ellite payload. 

Yet another object of the present invention is to provide an 
ATM switch that conserves uplink bandwidth, 
65 Still another object of the present invention is to provide 
an adaptive AI'M switch for use in a network including 
processing satellite links. 
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One or more of the foregoing objects are met in whole or preferably one or more user control functions and one or 

in part by a preferred embodiment of the present invention, more control plane function. It is preferable that the number 

which provides a distributed ATM switch. The functionality of control plane functions in the third set 112 be minimal, 

of the distributed ATM switch is preferably performed at For example, the third set 112 may only contain one control 

three distinct locations. The first location is at a user earth 5 plane function that relates to the maintenance of address 

terminal configured to perform at least one user plane tables. Since most xiser plane functions deal with the actual 

function. The second location is at a network operations switching of cells, the third set 112 may contain the majority 

center configured to perform at least one control plane of the user plane functions, as the actual switching of cells 

function. Finally, the remaining ATM switch functionality is will occur on the satellite 104. 

performed within the payload of a processing satellite. lO While the above discussion associates particular classes 

and numbers of ATM functions into each of the sets of ATM 

BRIEF DESCRIPTION OF THE DRAWINGS functions 108, 110 and 112, it is not necessary for this to be 

nc. 1 illustrates a distributed ATM switch. sets 108, 110 and 112 may contain only 

-I 11 * ♦ a I. _* c *u J r • 1 * user plane functions, only control plane functions, or both. 

FIG. 2 illustrates a flowchart of a method for implement- .c ^ *u u * iao im j hi 

, , J .™ , , ^ 15 Furthermore, each of the sets 108, 110 and 112 may contain 

ing a distributed ATM switch. u i i ^ •« • • -ui / r 

^ any number of functions. Indeed, it is permissible for one of 

DETAILED DESCRIPTION OF THE ^ empty (i.e., contain no functions). 

INVENTION The distribution of the ATM switch functionality over 

various network components means that some information is 
Turning now to FIG. 1, that figure illustrates an imple- 20 ^ent between the three elements (the UET 102, the process- 
mentation of a distributed ATM switch within an ATM jug satellite 104 and the NOC 106) to coordinate the 
network 100, ATM network 100 includes user earth tenninal switching function. To accomplish this communication, 
(UET) 102, processing satellite 104 and network operations communications links 114 and 116 are set up between the 
center (NOC) 106. FIG. 1 also shows three sets of ATM UET and the satellite and between the NOC and the satellite, 
switch functions 108, 110 and 112. Also illustrated in FIG. 25 respectively. The communications links 114 and 116 may be 
1 are communications links 114 and 116. permanent VCs (PVCs) dedicated to carrying the ATM 
In a processing satellite ATM network, the UETs are end switch coordination information. These PVCs may carry 
elements. The processing satellites, such as processing sat- switch coordination information between the various com- 
ellite 104, make up the ATM cloud. As discussed above, it ponents of the distributed ATM switch using ATM control 
is undesirable to perform all ATM switch functionality cells. 

within the payload of the processing satellite 104. For example, UPC setup information is sent from the 
A first set of ATM switch functions 108 are moved from satellite 104 to the UET 102 over the communications link 
the sateHite 104 to the UET 108. The functions included in 114. The NOC 106 will send information to the processing 
the first set 108 are preferably one or more user plane satellite 104 by way of communications link 116 to set up 
functions. The first set 108 may include, for example, the the routing tables that are maintained onboard the processing 
UPC function. In the present invention, the UPC function is satellite 104. Using communications link 116, the process- 
preferably performed by the UET 102, resulting in several ing satellite 104 will send information to the NOC 106 to 
significant benefits. First, by taking responsibility of the report system perforrnance metrics, including queue status 
UPC function away from the processing satellite 104, the and cell loss rate. 

payload of the processing satellite 104 may be made smaller One clear advantage of moving many control plane func- 

and lighter, and will consume less power. tions away from the processing satellite 104 is that the 

In addition, by moving the UPC function to the UET 102, control plane functions are more likely to change as com- 

the policing function may be performed before uplink trans- munications protocols evolve. By leaving only the functions 

mission to the processing satellite. Waste of uplink band- 45 that are more likely to remain static onboard the processing 

width is thereby prevented. Because the policing function is satellite 104, the distributed ATM switch may be much more 

performed at the UET 102, an additional benefit that arises 145 easily adapted to future protocol changes, 

is that when the policing function determines that a cell drop Turning to FIG. 2, the figure illustrates a flowchart 200 of 

is necessary, the UET 102 may immediately be made aware a method for implementing a distributed ATM switch. The 

of the drop. This UET 102 may then take any necessary jq flowchart includes an establish a satellite to NOC commu- 

corrective action. The remainder of the user plane functions nications link step 202, an establish a satellite to UET 

may be left onboard the processing satellite 104. - communications link step 204, a transmit switch coordina- 

A second set of ATM switch functions 110 are moved tion information between UET and satellite step 206, a 

from the satellite 104 to the NOC 106. The functions transmit switch coordination information between NOC and 

included in the second set 110 are preferably one or more 55 satellite step 208, an activate user plane function at UET step 

user control functions. The second set 110 may preferably 210, an activate control plane function at NOC step 212, and 

consist of the majority of the control plane functions. an activate control plane function at satellite step 214. 

However, control plane functions regarding the maintenance At the establish a satellite to NOC communications link 

of address tables are preferably accomplished by the payload step 202, a communications link is established between the 

of the processing satellite 104, as these functions are pref- go NOC and the satellite for the purposes of carrying ATM 

erably performed quickly with respect to the actual switch- switch coordination information between the NOC and the 

ing of cells (which still occurs on the satellite 104). The satellite. The communications link may be a permanent 

remaining control plane functions are preferably contained virtual connection dedicated to the transmission of the 

in the second set 110 and are placed within the NOC 106. switch coordination information. 

For example, the second set may include the CAC function. 55 At the establish a satellite to UET communications link 

A third set of ATM switch functions 112 are left on the step 204, a communications link is established between the 

satellite 104. The functions included in the third set 112 are UET and the satellite for the purposes of carrying ATM 
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switch coordination information between the UET and the 
satellite. The communications link may be a permanent 
virtual connection dedicated to the transmission of the 
switch coordination information. 

At the transmit switch coordination information between 
UET and satellite step 206, ATM switch coordination is 
transmitted between the UET and the satellite over the link 
established at step 204. 

At the transmit switch coordination information between 
NOC and satellite step 208, ATM switch coordination is 
transmitted between the NOC and the satellite over the link 
estabhshcd at step 202. 

At the activate user plane function at UET step 210, one 
or more user plane functions of the ATM switch is executed 
at the UET This function may be, for example, a UPC 
function. 

At, the activate control plane function at NOC step 212, 
one or more control plane functions of the Al'M switch is 
executed at the NOC. I1iis function may be, for example, a 
CAC function. 

At the activate control plane function at satellite step 214, 
one or more control plane functions of the ATM switch is 
executed at the satellite. This function may be, for example, 
an address table maintenance function. 

While the flowchart 200 shows the steps 202-214 occur- 
ring in a specific order, it is not necessary for the steps 
202-214 to be executed in this order. Furthermore, any of 
the steps 206—214 may be executed simultaneously with 
each other. 

The present invention overcomes many limitations of past 
ATM switches as used in ATM networks comprising pro- 
cessing satellites. By distributing the ATM switch function- 
ality between the satellite and ground components, the 
present invention provides savings in satellite space, weight, 
and power requirements. By performing the policing func- 
tion before uplink transmission from the UET, uplink band- 
width is conserved. Furthermore, the present invention pro- 
vides a more easily adaptable ATM switch. 

While particular elements, embodiments and applications 
of the present invention have been shown and described, it 
is understood that the invention is not limited thereto since 
modifications may be made by those skilled in the art, 
particularly in light of the foregoing teaching. It is therefore 
contemplated by the appended claims to cover such modi- 
fications and incorporate those features that come within the 
spirit and scope of the invention. 

What is claimed is: 

1, A distributed ATM switch comprising in combination: 
a user earth terminal configured to perform a user plane 

function of an ATM switch, the user plane function 
including policing of ATM cells at the user earth 
terminal, wherein an ATM cell provides policing infor- 
mation; 

a network operations center configured to perform a 
control plane function of the ATM switch; and 

a processing satellite configured to perform at least one 
control plane function of the ATM switch. 

2. The distributed ATM switch of claim 1, further com- 
prising: 

a first communications link between the network opera- 
tions center and the satellite for carrying switch coor- 
dination information for the distributed ATM switch; 
and 

a second communications link between the user earth 
terminal and the satellite for carrying switch coordina- 
tion information for the distributed ATM switch. 
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3. The distributed ATM switch of claim 2, wherein the 
first and second communications links are virtual connec- 
tions dedicated to the switch coordination information. 

4. The distributed ATM switch of claim 1, wherein the 
network operations center control plane function is a call 
admission control function. 

5. The distributed ATM switch of claim 1, wherein the 
satellite control plane function is an address table mainte- 
nance function. 

6. The distributed ATM switch of claim 1, wherein the 
user plane function is a usage parameter control policing 
ftinction. 

7. The distributed ATM switch of claim 1, wherein the 
user plane function is a user equipment interface adaptation. 

8. The distributed ATM switch of claim 1, wherein the 
control plane function is a bandwidth allocation, 

9. A method for performing switching in an ATM 
network, the method comprising: 

activating a user plane function of an ATM switch at a 
user earth terminal, the user plane function including 
policing of ATM cells at the user earth tenminal, 
wherein an ATM cell provides policing information; 

activating a control plane function of the ATM switch at 
a network operations center; 

activating a control plane fixnction of the ATM switch at 
a processing satellite. 

10. The method of claim 9, further comprising the step of: 
establishing a first communications link between the 

network operations center and the satellite; 
establishing a second communications link between the 

user earth terminal and the satellite; and 
transmitting ATM switch coordinate information over the 

first and second communications links. 

11. The method of claim 9, wherein the step of activating 
a control plane function at the processing satellite comprises 
activating an address table maintenance function. 

12. The method of claim 9, wherein the step of activating 
a control plane function at a network operations center 
comprises activating a call admission control function. 

13. The method of claim 9 wherein the step of activating 
a control plane function at a network operations center 
comprises activating a bandwidth allocation control func- 
tion. 

14. The method of claim 9, wherein the step of activating 
a user plane function comprises activating a user equipment 
interface adaptation. 

15. The method of claim 9, wherein the step of activating 
a user plane function comprises activating a policing user 
plane function. 

16. The method of claim 15, wherein the step of activating 
a policing user plane function comprises activating a usage 
parameter control function. 

17. A distributed ATM switch comprising in combination: 
a user earth terminal configured to perform a first set of 

functions of an ATM switch, the first set of fiinctions 
including policing ATM cells based on ATM cell usage 
information; 

a network operations center configured to perform a 
second set of functions of the ATM switch; and 

a processing satellite configured to perform a third set of 
fiinctions of the ATM switch. 

18. The distributed ATM switch of claim 17, further 
comprising: 

a first communications link between the network opera- 
tions center and the satellite for carrying switch coor- 
dination information for the distributed ATM switch; 
and 


03/08/2004, EAST version: 1.4.1 


us 6,580,716 Bl 


8 


a second communications link between the user earth 
terminal and the satellite for carrying switch coordina- 
tion information for the distrbuted ATM switch. 

19. The distributed ATM switch of claim 18, wherein the 
first and second communications links are virtual connec- 
tions dedicated to the switch coordination information. 

20. The distributed ATM switch of claim 17, wherein the 
second set of functions includes a control plane function. 

21. The distributed ATM switch of claim 20, wherein the 
control plane function is a bandwidth allocation control 
function. 

22. The distributed ATM switch of claim 20, wherein the 
control plane function is a call admission control function. 

23. The distributed ATM switch of claim 17, wherein the 
third set of functions includes a control plane function. 

24. The distributed ATM switch of claim 23, wherein the 
control plane function is a address table maintenance func- 
tion. 

25. The distributed ATM switch of claim 17, wherein the 
first set of functions includes a user plane function. 

26. The distributed ATM switch of claim 25, wherein the 
user plane function is a user equipment interface adaptation. 
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27. The distributed ATM switch of claim 25, wherein the 
user plane function is a policing user plane function. 

28. A method for distributed ATM switching in an ATM 
network including processing satellite hnks, the method 
comprising: 

policing ATM cell traffic using a user earth terminal; 
maintaining an ATM cell address table at a satellite; and 
controlling connection admission using a network opera- 
tions center. 

29. The method of claim 28, further comprising transmit- 
ting Al'M switch coordination information between the user 
earth terminal, the satellite, and the network operations 
center. 

30. ITie method of claim 28, wherein the policing step 
occurs before uphnk transmission of the ATM cell traffic 
from the user earth terminal to the satellite. 

31. ITie method of claim 28, further comprising deter- 
mining a cell drop at the user earth terminal. 
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